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1 
This invention relates fo drill bits, and more 
particularly to drill bits of the expansible type 
for drilling Or rearning holes below well casing 
greater in diameter than the inside diameter of 
the casing through which the bit is capable of 
passing. 
An object of the present invention is fo provide 
an improved retaining device for maintaining a 
mandrel in appropriate telescopic relation within 
the main body of an expansible rotary drill bit. 
Another object of the invention is to provide 
a retaining device for maintaining a mandrel 
in appropriate telescopic relation within the.main 
body-of an expansible rotary drfll bit, which 
vice enables the mandrel to be assembled and 
disassembled with respect to the bit body at a 
substantial savings in rime and af a greatly re- 
duced cost. 
A further object of the invention is to provide 
a retaining device in a drill bit of the aforenoted 
character that is capable of transmitting safely 
high loads between the mandrel and the bit body. 
This invention possesses many other advan- 
rages, and bas other objects which may be marie 
more clea-ly apparent fïom a consideration of a 
form in which it may be embodied. This form is 
shown in the drawings accompanying and form- 
ing part of the present specification. If wfll 
now be described in detail, for the purpose of 
illustrating the general principles of the inven- 
tion; but it is to be understood that such de- 
tailed description is hot to be taken in a limiting 
sense, since the scope of the invention is best de- 
fined by the appended claires. 
leferring to the drawings: 
Figure t is a longitudinal section through a 
drill bit, with parts shown in retracted position 
for..lowering through the well bore; 
Fig. 2 is an enlarged cross-section taken along 
the line 2---2 on Fig. t; 
Fig. 3 is a fragmentary longitudinal section, on 
an enlarged scale, through the mandrel locking 
portion of the drill blt; 
Fig. 4 ls a cross-section taken along ttm line 
=-- on Fig. t. 
Th rotary drill bit A disclosed in the draw 
ings is of the general type disclosed in United 
States Patent No. 2,466,99t. It is attachable to 
a string of drill pipe B for lowering through a 
well casing C in a well bore D to a point below the 
casing shoe E at which enlargement of the well 
bore is to commence. The drill bit may bave a 
pilot bit  at ifs lower end for centering the 
tool in hole that may bave already been dritled, 
or for drilling the central portion of new hole, 

OFFICE 

2 

in the absence of a pre-existin hole. The main 
portion of the bit is capable of enlargin theborë 
hole by producing and operating utn a :forr- 
tion shoulder (hot shown), as fùily descriet 
5 the above referred fo patent. 
The upper end of the bit consists df a dVing 
mandrel ! having an upper pin 2 tiàrekdelly 
connected fo a sub 3 forming he lower éïad of 
the string of drfll pipe B. This mandrëlïhblùdC 
10 an upper kelly or drill stem membe 4 ele6Dd 
within and slidably splined to tlab main 'b0d. 
of the big. As discldsed in the rdwiflgs, fhe 
slidable splined arrangement ma-y bë P0"ïided 
by forming the exterior a of the kelly lèXago/agl 
15 in shape, and having such përiori Of the lelly 
telescopically received in a comJanion hêXagnal 
socket a within the body 5, disposel bel0w a 
counterbore  {} in the b0dy extendn fo ifs uiper 
end. ° 
0 The mandrel ! has a Hmited range o' lgi- 
tudinal movement within the boy 5, is 
ward movement being limited by engagemnt Of 
an external shoulder  on the kelly, posfti0ned 
withi the counterbore  , with a retaining ring Or 
5 sleeve 8 disposed within the countCbore 
and releasably secured to the body 5, in a man- 
ner hereinafter described. 
The body 5 bas a plurality of expansible 
mounted upon it, comprising cutter SUpllorting 
30 members 9 pivotally mounted in a body slot 
on pivot or hinge pins 2 suitably secured 
to the body. Each cutter supporting mein- 
ber 9 consists of a depending teg 2, havilag a 
bearing supporting pin 23 inclilZed inward 
35 ly and downwardly, and on which a rol]èr 
side cutter 24 is mounted through the agelicy 
of follet and ball bearing elements 5, 
that may be disposed betwèen the bea-ring pin 
3 and cutter 24 in any suitable manner. Each 
40 cutter supporting member also includes an up- 
wardly extending arm 2 against which an elgstic 
expander 28 bears. This expander is in the form 
of a compressed helical spring received within a 
socket 29 in the body and exerting its force aainst 
45 the arm 21; so. as to tend to swing it inwrdly 
and thzs urge the cutter , on the other side of 
the fulcrum pin 2 , in an outward direction. The 
extent of such outward movement may be timited 
by engagement of stop shoulders 30 on oppbite 
50 sides of the cutter supporting membes 9 with 
cooperable body stop shoulders 3. 
After the cutters 2 bave been expanded Out- 
wardly by the expander springs 25 to thWmxi: 
mure extent, they can be locked ill this pofifio 
55 by a tubular member .2 of the mandrel  , which 
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is pfloted in the kelly 14 and suitably secured 
thereto against relative longitudinal movement 
by a lower shoulder 33 abutting a companion 
shoulder 34 on the kelly and an upper nut 35 
threaded on the upper end of the tubular mem- 
ber 32 and bearing upon an upper shoulder 36 on 
the kelly. The tubular member 32 is provided 
with a lock portion 3][ that can be moved from 
an upper position in transverse alignment with 
inner supporting member recesses 38, which 
allow the cutters 24 to be retracted, fo a lower 
position opposite lugs 39 firmed on and pro- 
jecting inwardly from the supporting member 
legs 22, which prevent retraction of the cutters, as 
explained in the patent above referred to. 
The mandrel II is normally held in ifs upper 
position with respect to the main body 15 of 
the bit and supporting members 9 by a helical 
retractor spring 40 encircling the tubular mem- 
ber 32, with its upper end engaging the mandrel 
shoulder or flange 33 and ifs lower end engaging 
a spring seat and guide 4 af the lower end of 
the hexagonal body socket Sa. This spring seat 
4 also serves as an upper bearing guide for the 
tubular member 32. 
Circulating fluid can pass downwardly through 
the string of drill pipe ]3 and through the tubular 
mundrel 32 for ejection from ifs lower discharge 
nozzle 42 onto the cutters 24, to cleanse them of 
cuttings and flush the latter from the drilling 
area to the top of the well bore. This circulating 
fluid is also availed of fo unlatch the cutter sup- 
porting members 9, which may be held initially 
in retractod position in a positive manner. 
The device for securing the cutter supporting 
members 9 positively in retracted position 
cludes a hook 43 secured to the inner portion of 
each member 9, the ends of which are received 
in holes 44 in a sLrip 45 extending across the 
mandrel ourlet 42. The drfll bit, after having 
been lowered in retracted position to the point 
ai which the reaming operation is fo begin, may 
be released for operation by starting the pumps 
af the surface of the well bore, which will force 
fluid down through the drill string ]3 and man- 
drel 32, causing it fo impinge upon the latch 
strip 45, blowing or forcing the latter off the ends 
of the hooks 43, fo permit the spring expanders 
28 to shift the cutter supporting arms 2][ inwardly 
and the cutters 24 outwardly against the forma- 
tion. 
In the operation of the device, the drfll bit A 
is mounted on the lower end of the drfll string 
B, with its parts held in retracted position by the 
latch strip 4. The mandrel   then occupies an 
upper position, illustrated in Fig. 1, in which the 
Kelly shoulder ][ is adjacent the retainer sleeve 
8, and with the lock portion 3][ elevated above 
the lugs 39 on the cutter supporting members 
9, being received within the inner recesses 
in the latter. The tool is lowered through the 
well casing C, and, upon reaching the position 
in the well bore below the casing shoe E at which 
the drilling operation is to begin, the pumps are 
started af the top of the well bore, causing fluid 
to impinge on the latch strip 4, forcing if hy- 
draulically off the hooks 43 and releasing the 
cutter supporting members 9 for outward ex 
pansion under the influence of the springs 28. 
The drill string ]3 is then rotated, to rotate the 
main bit body  through the splined kelly and 
body connection 4a, Sa, the expander springs 
28 forcing the arms 2][ inwardly and the cutters 
24 outwardly against the formation, lotation 
is continued, without movin the drill string B 

longitudinally, untfl the side cutters 24 enlarge 
the diameter of the hole to the maximum extent, 
as determined by the eventual abutting of the 
supporting member stop shoulders 39 with the 
5 companion body stop shoulders $. When such 
abutting occurs, a formation shoulder will have 
been formed in the we]l bore D upon which the 
cutters 24 can test, in order to support the latter 
and the body   and resist their downward move- 
]o ment. 
Inasmuch as the body 5 cannot move down- 
wardly, drilling weight imposed on the drflling 
string ]3 shifts its connected mandrel  down- 
wardly within the body against the action of the 
15 retractor spring 49 untfl the lower end of the 
kelly 4 engages the spring seat and guide 
During this downward movement, the Kelly 
shoulder ][ is free to move downwardly within 
the body counterbore   away from the retaining 
20 sleeve 8. Such downward movement also shifts 
the tubular member 32 downwardly fo position 
the lock portion 3][ opposite and in alignmen 
with the supporting member lugs 39, providing a 
positive lock that prevents Lnward movement of 
 '5 the cutters 24 So long as down weight is im- 
posed on Lhe drill string ]3, and the cutters 24 
test on the formation shoulder, the cutters are 
prevented from moving inwardly by elgagement 
of their lugs 39 with the mandrel lock portion 3][, 
:0 which precludes the drilling of an undergauged 
hole. 
Drilling is continued by rotating the drill bit 
A fo ream the hole D in a downward direction to 
the desired extent. When the drfll bit is to be 
:. retracted and removed to the top of the well bore, 
the drfll string B is elevated, which moves the 
side cutters 24 above the formation shoulder and 
permits the retractor spring 40 fo shift the body 
5 downwardly fo the extent determined by 
.te gagement of the retainer sleeve 8 with the ex- 
ternal Kelly shoulder  ][. This action repositions 
the mandrel lock portion . opposite the support- 
ing member recesses 38 and above their lugs 39, 
allowing the cutters 24 and their supporting 
45 members 9 to swing inwardly when the tool 
passes back into the casing C upon elevation of 
the drill string B. The cutters and their support- 
ing members will ride the wall of the casing dur- 
ing elevation of the string until the tool is re-. 
50 moved from the top of the well bore. The force 
required to elevate the tool is transmitted in an 
upward direction from the Kelly shoulder  to 
the retaining ring or sleeve 8, .and from the lat- 
ter fo the body  of the tool, through a retain- 
55 ing sleeve lock device now to be described. 
The retaining sleeve 8 is pfloted within the 
upper end of the main body  5 of the bit and has 
an external toroidal race 4][ disposed opposite a 
companion toroidal race i8 in the bit body. Lock- 
60 ing halls i9 are disposed circumîerentially around 
the sleeve 8 and body , each ball being 
gageable with each race ][, 8. These halls are 
insertable between the races, and are removable 
therefrom, through a transverse hole 58 in the 
¢;5 body extending into the body race 8. Removal 
of the halls 49 from the races ][, 48 may be pre- 
vented by a suitable plug 5 threaded into the 
hole 5{}. Inadvertent unscrewing of the plug 
may be prevented in any suitable manner, as by 
ï0 producing indentations in the periphery of the 
plug l and adjacent body by a center punch. 
The retaining sleeve  8 bas its lower end spaced 
from the bottom of the counterbore   a suiïicient 
extent fo altow the mandrel  fo more longi- 
75 tudinally with respect to the main body  of 



ye .be..suppoçg mem5er ius  o.ifi 
e tbçççih,.  .flescibe a5e .e 
 _.  dçposeq.:ahqye.., thç Keily shoulder 
loeç ¢d_.b.eing enggÇabç by tSë ldie. 
Wd thus_ is. trammittefl fr0m 
 . the sleeve $, ànd from the lower rtifi 
 ê:leëvé.6 4 through the bll ï9 to the 
ur po9h pf the pbdy race 4.: .p:sçh 
a large number of bas 4S can be sposed.cir.- 
çufereDtàly  i e race9 4 .8. e]r 
lç. çasitçing ,capacity is very grea : eing 
gçeatÇ:hap tbe. maMm force fo which 
drfll stem B and tse drill bit A aY be.sUbl 
jëçed.- Sh5uid. the drill 5if bècomë suck in e 
61ê: .it bec6es nëcesarY.5 jr 
 , :{£e.10 arr#ing CapàciY. 0 t£e .1éé 
,is i tèrënin baS S is more than 
Ç«r&t af¢y. the maximum, jarring f0rë 
h h t e .required. When .the. mandçel. 
i_Ppsd :i a downward p0siio n ,within, 
gin.ody. 15. of the bit, as durng the perf0rm: 
cg.Qf a h01e. enlrging operaton,., there is no 
maer force imsed on the sleee. 18... How- 
9zer .%he lls.  still prevent he. sleeve {8 from 
oppDg.0wnw.ardly within the bo. l S rea- 
! iç n.its appropriate assembled position within 
the latter. 
.Ç sleeFe and bll arrangement facil[ge 
assembly and disassembly of the driving mandrel 
 l within the bit bo [5. us,. with the sleeve 
8 and balls 4S removed, the driving mandrel 
l  ls telescoped within the body; whereupon, the 
sleeve 8 may be slipped over the upper end of 
the kelly 4 and above the flange ] of the latter, 
being ieted in the upper end of the Mt body 
counterbore 18 until the sleeve race 4 ls op.- 
site the body race 48. e required number 
of balls 4S may now be placed through the body 
hole 5 and in the races; whereupon, the plug 
S ls threaded into the hole, fo prevent the balls 
4S from leaving the faces 4, 8.  mentioned 
above, a center punch may be used to form a 
metallic lock between the plug 51 and body 
by deforming the outer margin of the plug. , 
e mandrel l is now held in appropriate 
position within the main body 5 of the bit, the 
sleeve and ball lock 4, 48, 49 preventing ifs re- 
moral from the latter. In addition, the sleeve 
and ball lock are capable of transmittg exceed- 
ingly high loads between the mandrel   and the 
body 5 of the tool. After the hole enlarging op- 
eration bas en completed and the tool removed 
fo the top of the well bore, the insertion of 
stable wrench (not shown) in a non-circular 
socket 5a in the screw plug 5 will allow the 
latter to be unthreaded from the hole 5; where- 
upon, the balls 4 can be removed through the 
open hole, the sleeve 8 slipped off the upper 
pin end of the dring mandrel , and the lat- 
ter removed from the main body of the bit. e 
parts may be reassembled again, when desired, 
by re-telescoping the mandrel l in the body 
, placing the retaining sleeve or ring 18 over 
the kelly 4 and in the counterbore 8, reinsert- 
ing the halls 4 through the body hole 5, and 
closing the latter with the plug 5. It is evident 
that all of the locking parts 8, 4, S can be 
used repeatedly, sce there is no material wear 
on the latter. It is also evident that the as- 
sembly of the manuel  l in the body 15, and its 
disassembly therefrom, can be effected very eas- 
ilF and In a minimum of rime. 

inven£or 6/gtm,s.: . 
., i,,.i/, giï eipangiblë rotarY Well dillirg 
a. £, 5bdy; cuer eans monted 0fi said 
55 f0 làteàl outàgd moVement with re- 
5 Se 0 ld body; mëans for expanding and 
li Said dùtter, mëns laterally 0utwardly 
f £id. 56a#, aid ephding and holding mens 
indlg, a. mahdel telescooed and m0vable 
isDiuifially WithC iaid bdY; an anular 
]0 ëSë pflotëd n .ad body to prevent wfth- 
drawal of said .mandçel from said bodY.; and 
(!6 çins enee va sa nnula- 
ebeç. apd bod 6 peent removal of said an- 
nular ember from. said body. 
15 2,,i n epnsib]e rbtary well drilling bit: 
Çin body;, cdtër ans mountèd On s&id b5dy 
Ç,al: oad mvemet witioE ripëct to 
Sbo.; ,më f6. ëxaoEg and h01dhg said 
cuitë: mea iaèr&ll 6uwardly 6f Sàid body, 
mÇndçel:e elescQed a¢. movable longitudinàlly 
i. n sa! d bo; a seeve disposed around said 
mDel.and pfloted in.said body %o prevent with- 
ç,a ! .;.Qf .said mandrel from said body; said 
25 sl@eçç an d body hang opsed rces; and roll- 
.ab¢ ¢lemÇn .on sid %'aces to prevent relative 
longitunal movement in at least one direction 
beçween,aid .sleeve and body. 
. ,... an expansible rotary well driHing bit: 
:0  Ç.:5b; cut6ër e£ mounied on said body 
f.0ç: laçeçal, 0twrd movement .with respect to 
s,a.5o.; mea for xpanng and holng Sgid 
cutÇr.means.lateral.odtwary of said dy, 
said expanding and holding means incluoEng 
:5 mandrel telescoped and movable longitudinally 
within said body; a sleeve dposed around said 
manuel and piloted in said body to prevent with- 
drawal of said mandrel from said body; said 
sleeve and bo having opsed toroidal races: 
 i<} and balls in said faces to prevent relative longi- 
tudal movement in at least one direction 
tween said sleeve and body. 
4. In an expansible rotary well drillg bit: a 
main body; cutter mea mounted on said body 
'.5 for lateral outward movement with respect to 
said body; means for expanding and holding said 
cuiter means lateralty outwardly of said body, 
said expanding and holding mea including a 
mandrel telescoped and movable longitudally 
50 within said body; an annar member engage- 
able with said mandrel fo prevent withdrawal 
of said mandrel from said body; said annular 
member and body being telcoped one within the 
other; and rollable elements engageab!e with said 
55 aular member and body  prevent removal of 
sid annular member from said body. 
5. In an expansible rotary well drflling bit: a 
ma body; cutter means mounted on said dy 
for lateral outward movement with respect to 
60 said body; mea for expanding and holding said 
cuiter mea lateratly outwardly of said body, 
said expanding and holding means cluding a 
mandrel telescoped and movable longitudinally 
within said body; a sleeve disposed around said 
65 manuel and engageable with said mandrel to 
prevent withdrawal of said mandret from said 
body; said sleeve and body beg tetescoped one 
within the other; said steeve and body having op- 
pos races; and rollable etemen in said faces 
70 to prevent relative longitudinal movement in at 
least one direction between said steeve and body. 
6. In an expaible rotary welt drilling bit: a 
main body; cutter means mounted on said body 
for lateral outward movement with respect 
75 said body; means for expandg and holding said 
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cutter means laterally outwardly of said body, 
said expanding and holding means including a 
mandrel telescoped and movable longitudinally 
within said body; a sleeve disposed around said 
mandrel and engageable with said mandrel to 
prevent withdrawal of said mandrel from said 
body; said sleeve and body being telescoped one 
within the other; said sleeve and body havlng op- 
posed toroidal races; and halls in said races to 
prevent longitudinal movement in af least one 
diection between said sleeve and body. 
7. In an expansible rotary well drilling bit: a 
main body; cutter means mounted on said body 
for lateral outward movement with respect to 
satd body; means for expanding and holding said 
cutter means laterally outwardly of said body, 
said expanding and holding means including a 
mandrel telescoped within and slidably splined te 
said body, said mandrel having means thereon 
adapted for connection to a drill string to move 
said mandrel longitudinally in said body, said 
mandrel having a flange disposed in said body; a 
sleeve disposed around said mandrel and pfloted 
in said body above said flange to lirnit upward 
movement of said mandrel relative to said body; 
and rollable elements engageable with said sleeve 
and body fo prevent removal of said sleeve from 
said body. 
8. In an expansible rotary well drilling btt: a 
main body; cutter means mounted on said body 
for lateral outward movement with respect to 
said body; means for expanding and holding said 
cutter means laterally outwardly of said body, 
said expanding and holding means including a 

mandrel telescoped withln and slidably splined 
te said body, Said mandrel having means thereor 
adapted for cormection te  drill string te move 
said mandrel longitudinally in said body, said 
5 mandrel having a flange disposed in said body; 
a sleeve disposed around said mandrel and pfloted 
in said body above said flange fo limit upward 
movement of said mandrel lative to said body; 
said sleeve and body having opposed toroidal 
l0 races; and halls in said races to prevent rela- 
tive longitudinal movement in at least one di- 
rection between said sleeve and body. 
9. In an expansible rotarY well drflling bit: a 
main body; cutter means mounted on said body 
15 for lateral outward movement with respect te 
said body; means for expanding and holding said 
cuiter means laterally outwardly of said body, 
said expanding and holding means including a 
mandrel telescoped within and slidably splined 
20 to said body, said mandrel having means thereon 
adapted for connection to a drlll string t move 
said mandrel longitudinally in said body, said 
mandrel having a flange disposed in said body; 
a sleeve above said flange and disposed around 
25 said mandrel to limit upward movement of said 
mandrel relative to said body; said sleeve and 
body being pfloted one within the other; and 
rollable elements engageable with said sleeve and 
body to prevent removal of said sleeve from said 
30 body. 
ARCHER W. KAMIOEEPEI. 
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